To understand factors contributing to the neonatal mortality rate (NMR), we studied trends in the NMR during 2000 to 2009 with respect to demographic factors and health care resources. Birth-and death-linked mortality data for 14,168 neonatal deaths that occurred between 2000 and 2009 were obtained from the Texas Department of Health and Human Services. Demographic factors and health care resource data were analyzed using analysis of variance, chi-square tests, and linear regression analysis. The average NMR increased from 3.37 in 2000 to 3.77 in 2009. The NMR in blacks ranged from 6.57 to 8.97 during the study period. Among the babies who died, the mean birthweight decreased from 1505 to 1275 g (P < 0.001) and the mean gestational age decreased from 28.4 to 27.8 weeks (P < 0.001). Cesarean section deliveries increased from 32.7% to 44.9% (P < 0.001). The percentage of mothers receiving prenatal care increased from 81.4% to 86.6% (P < 0.001). Mothers with a college education increased from 8.8% to 20.5% (P < 0.001). The median household income increased from $41,047 to $49,189 (P < 0.001). The number of neonatal intensive care unit beds increased from 33.4 to 56 per 10,000 births, and the number of neonatologists increased from 0.27 to 0.40 per 10,000 women of 15 to 44 years of age. In conclusion, the NMR didn't improve despite improvements in demographic factors and health care resources. Racial disparities persist, with a high NMR in the black population. We speculate a possible genetic predisposition related to ethnicity, and a potentially higher rate of extreme prematurity might have contributed to a high NMR in the study population.
T he neonatal mortality rate (NMR) and the infant mortality rate are often used to indicate the eff ectiveness of maternal and child health care services (1, 2) . In the United States, neonatal mortality has decreased steadily during the previous three decades. However, in the last 10 years, the decrease has been marginal. Th e US NMR was 4.19 
METHODS
In this study, we used publicly available information obtained from the Texas Department of Health and Human Services (TDHHS). Th e study received approval from the institutional review board of Baylor Scott and White Healthcare.
Data for neonates who died under the age of 28 days were collected from TDHHS for the period of 2000 to 2009. Birth and death certifi cate data were linked by TDHHS during the study period. Th e number of obstetrics and gynecology providers and neonatologists, along with the number of beds available in neonatal intensive care units (NICU), was also obtained from TDHHS.
Important outcome variables studied included NMR, ethnicity (white, black, Hispanic, and other), and key demographic determinants of NMR including maternal age, birthweight, educational level, socioeconomic status, gestational age, prenatal care, cause of death, method of delivery, and maternal smoking. Variables regarding health care included number of available beds in the NICU and number of obstetrics providers and neonatologists. Th e NMR is the number of neonatal deaths during a year, divided by the number of live births during the same year, expressed per 1000 live births.
Characteristics were summarized according to ethnicity and year by descriptive statistics: mean (± standard deviation) for continuous variables and frequency (percent) for categorical variables. Multivariable Poisson regression analysis and multivariable negative binomial regression analysis were utilized to investigate the signifi cance of ethnicity, median income, and year on NMR. Proportion comparisons were assessed utilizing chi-square test. Linear regression analysis or the CochranArmitage trend test was used for trend analysis. A P value of < 0.05 indicates statistical signifi cance. SAS 9.2 (SAS Institute Inc, Cary, NC) was used for data analysis.
RESULTS
Between 2000 and 2009, a total of 14,168 death records of neonates younger than 28 days old and associated birth records Trends in the neonatal mortality rate in the last decade with respect to demographic factors and health care resources Vinayak Govande, MBBS, Amy R. Ballard, MD, Madhavi Koneru, MD, and Madhava Beeram, MD were obtained and the characteristics of neonatal death were assessed. Th e NMR according to ethnicity, mean birthweight, mean gestational age, mode of delivery, prenatal care, maternal age, maternal education, incidence of smoking, median household income, number of NICU beds per 10,000 births, and number of neonatal providers and obstetricians per 10,000 females of 15 to 44 years are shown in Table 1 . Figures 1 to 3 highlight the NMR by ethnicity and by cause and the growing number of resources over the time period.
DISCUSSION
Th e NMR declined from 15.1 in the 1970s to about 6.1 in the 1990s due to advances in neonatal critical care; however, the NMR has remained relatively unchanged in recent years (4) . Advances in the care of sick neonates did not impact the NMR, unlike the previous few decades (4). In our study, we found similar results, suggesting the NMR did not change signifi cantly from 2000 to 2009.
In 2009, the NMR was 3.78 in Texas, compared with 2.69 in Minnesota (3). Texas ranked 18th in the USA in NMR (3). In the black population in Texas, the NMR remained relatively unchanged and high (6.61 in 2000 and 6.57 in 2009). Th ese fi ndings are consistent with current neonatal outcomes in the USA (5) .
Th e percentage of women receiving prenatal care and average maternal age remained the same over the period of Extreme prematurity (Total) RDS the study. We noticed an increasing trend of mothers with a college education. Th is trend is similar to the trend found in the country as a whole by Hamilton et al (6) . Th ere is also an increasing trend for cesarean deliveries. Multiple studies have shown a negative relation between cesarean section rates and neonatal outcomes (7) . Th e cesarean section rate increase can be correlated with decreased gestational age and birthweight, as more premature and sicker babies tend to be born via cesarean section. In our study, cesarean section rates increased from 32.7% to 44.9%. Our study did not show a similar correlation. In our study, the median household income increased from $41,000 to $49,200 from 2000 to 2009. In spite of increasing median household income, the NMR remained relatively unchanged. Olson et al documented a negative association between median family income and all birth outcomes (8). Subramanian et al (9) and Shmueli (10) have shown an inverse association between median income and health disparities. We were unable to show a similar trend in our study.
Advances in neonatal critical care medicine, and better resource availability as evidenced by higher numbers of neonatologists, obstetricians, and available NICU beds, did not have an eff ect on the NMR. Th ese fi ndings correlate with the fi ndings of Th ompson et al (11) , who found that in spite of having greater resources regarding neonatal care per capita compared with Canada, the United Kingdom, and Australia, neonatal outcomes in the US are lagging. Th is may suggest that neonatal care providers, NICU beds, and hospitals are one part of the health care delivery system, and it may suggest a need to focus on sociodemographic factors.
Th e mean birthweight and gestational age showed decreasing trends in our analysis. Extremely low birthweight infants with a birthweight of 500 to 999 g and respiratory distress syndrome or respiratory failure were leading causes of mortality in the study group. Th is fi nding suggests that extreme prematurity and its complications are still leading contributors to the NMR. Eff orts targeted against extreme prematurity may help to decrease the NMR.
We obtained our data set from TDHHS and thus were dependent on the accuracy of data reporting. Th e data set could have been limited by poor reporting and the misclassifi cation of births as stillbirths.
In conclusion, in our study, NMR did not change significantly from 2000 to 2009 despite improvements in maternal age, decreased smoking, improved education, higher median household income, and an increased number of NICU beds and perinatal providers. Racial disparities persist, with a high NMR in the black population. We speculate that a possible genetic predisposition related to ethnicity and a potentially higher rate of extreme prematurity might have contributed to a high NMR in the study population. However, additional studies are needed to explore these factors.
